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Figure S1. Expression and purification of 15N-labeled Scc4:His6-Scc1. (A) SDS-PAGE analysis with 

lanes numbered at the bottom. Lanes 1 and 2 are proteins in the culture before (-IPTG) and after 

(+IPTG) induction. Lanes 3 and 4 are the pellet and clarified lysate after cell lysis and centrifugation. 

Lanes 5, 6, and 7 are the lysate that flowed through the Ni-IMAC resin (FT), buffer wash step, and 

elution of the Scc4:His6-Scc1 complex using imidazole buffer, respectively. Lane 8 is the Fisher 

BioReagents EZ-Run Rec pre-stained protein ladder with molecular weights listed to the right in kDa. 

Lanes 9 and 10 are samples from the SEC purification of the complex shown in (B). The arrow heads 

indicate the bands corresponding to Scc4 (14.7 kDa) and His6-Scc1 (18.8 kDa). (B) SEC purification of 

the Scc4:His6-Scc1 imidazole elution produced two peaks labeled 1 and 2. The SDS-PAGE analysis of 

these peaks are shown in lanes 9 and 10, respectively, in (A). The second peak contains the purified 

Scc4:His6-Scc1 complex. 

 

Figure S2. Expression and purification of 15N-labeled His6-Scc4:Scc1-FLAG. (A) SDS-PAGE analysis 

with lanes numbered at the bottom. Lanes 1 and 2 are proteins in the culture before (-IPTG) and after 

(+IPTG) induction. Lanes 3 and 4 are the pellet (Pellet) and clarified lysate (Lysate) after cell lysis and 

centrifugation. Lanes 5, 6, and 7 are the lysate that flowed through the Ni-IMAC resin (FT), buffer 

wash step (Wash), and elution of the His6-Scc4:Scc1-FLAG complex using imidazole buffer (Elution), 

respectively. Lane 8 is the Bio-Rad Precision Plus protein ladder with molecular weights listed to the 

right in kDa. The arrow heads indicate the bands corresponding to His6-Scc4 (15.8 kDa) and Scc1-

FLAG (18.2 kDa). (B) SEC purification of the His6-Scc4:Scc1-FLAG imidazole elution produced two 

peaks labeled 1 and 2. The second peak contains the purified His6-Scc4:Scc1-FLAG complex. 
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Figure S3. 2D 1H-15N HSQC spectra of the in vivo-associated, 15N-labeled protein complexes Scc4:His6-

Scc1 (blue) and His6-Scc4:Scc1-FLAG (pink) with the (A) full spectra and (B) expanded regions from 

the dashed box in (A). The complexes were 0.35 mM concentration in 50 mM sodium phosphate, 10 

mM DTT, pH 7.3 buffer, and the spectra were collected with 32 scans using a Bruker AVIII 500 MHz 

spectrometer. 

 

Figure S4. Full gel images of the native gels from Figure 4A. Lane numbers across the bottom 

correspond to the lane numbers in Figure 4A. 
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Figure S5.  (A-F) 1H,15N-HSQC spectra of 15N-Scc4 titrated with Scc1-FLAG. Relative moles of Scc1-

FLAG to 15N-Scc4 added are (A) 0, (B) 0.25, (C) 0.5, (D) 1.0, (E) 1.5, and (F) 2.0. The spectra were 

collected on a Bruker AVIII 500 MHz spectrometer with 8 scans for each spectrum, with the exception 
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of spectrum (F), which was collected with 32 scans. The contour levels were corrected for the number 

of scans to allow for direct comparison.  

 

Figure S6. 1H,15N-HSQC peak changes during the Scc1-FLAG titration of Scc4 mapped onto the Scc4 homology 

model. The homology model is shown as a ribbon diagram (top) and in all-atom representation (bottom) with 

three points of view via rotation about the vertical axis shown. The HSQC peaks were identified using the 

published assignments [1]. Light blue residues indicate peaks that are unassigned [1] or cannot be positively 

identified or tracked due to overlap during the titration. The disappearance of peaks due to broadening at 0.25 

– 0.5X addition of Scc1-FLAG are shaded dark purple and at 1.0 – 1.5X addition of Scc1-FLAG are shaded dark 

blue. The identified residues with chemical shift perturbations > 0.2 ppm (0.4 ppm maximum) are shaded in 

medium purple and the perturbations < 0.2 ppm are shaded in medium blue. The color scheme is based on 

palettes for color blindness and interpretability in grayscale [2].  
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Figure S7. SDS-PAGE analysis of the His6-Scc1 inclusion body purification. Lanes are numbered at 

the bottom. Lanes 1 and 2 are proteins in the culture before and after induction with IPTG. Lanes 3 

and 4 are the clarified lysate and the pellet after cell lysis. Lanes 5 and 6 are the inclusion body and 

supernatant from washing the pellet in Lane 4 with 1X BugBuster in Tris buffer. Lanes 7 and 8 are the 

inclusion body and supernatant from the second wash step with lysozyme in Tris buffer. Lanes 9 and 

10 are the inclusion body and supernatant from the last wash step with Tris buffer. Lane 11 is the Bio-

Rad Precision Plus protein ladder with molecular weights listed in kDa to the right. The His6-Scc1 

(18.8 kDa) band is indicated with an arrow.  

 

Figure S8.  Full gel image of the native gel from Figure 6A.  Lane numbers across the bottom 

correspond to the lane numbers in Figure 6A.  
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Figure S9. SDS-PAGE analysis of the renatured and chain-selectively labeled Scc4:His6-Scc1 

complexes: (A) 15N-Scc4:His6-Scc1 and (B) Scc4:15N-His6-Scc1. Filled arrow heads indicate the His6-

Scc1 bands and open arrow heads indicate the Scc4 bands. The bold font indicates the protein that is 
15N-labeled. (A) Samples of the cultures before and after induction with IPTG and expressing His6-

Scc1 (lanes 1 and 2) or 15N-Scc4 (lanes 4 and 5) are shown. The His6-Scc1 pellet (lane 3) and 15N-Scc4 

clarified lysate (lane 6) were used to make the renatured complex. Lanes 7 and 9 show the purification 

of the renatured complex by Ni-IMAC and SEC, respectively. Lane 8 is the Bio-Rad Precision Plus 

protein ladder and lane 10 is the Fisher BioReagents EZ-Run Rec pre-stained protein ladder with 

molecular weights listed to the right of each lane in kDa. (B) The same samples with opposite isotopic 

labeling are shown with the same lanes numbers as in (A). The difference between (B) and (A) is the 

labeling of the proteins with 15N-His6-Scc1 and unlabeled Scc4. 

 

 

Figure S10. Phyre2 [3] alignment of CT Scc4 and Yersinia pestis YscB from PDB 1XKP, chain C [4]. 

Details for interpreting the alignment are available on the Phyre2 web page [5]. 
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Figure S11. Phyre2 [3] alignment of CT Scc1 and Yersinia pestis SycN from PDB 1XKP, chain B [4]. 

Details for interpreting the alignment are available on the Phyre2 web page [5]. 
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Figure S12. Phyre2 [3] alignment of CT CopN and Yersinia pestis YopN from PDB 1XKP, chain A [4]. 

Details for interpreting the alignment are available on the Phyre2 web page [5]. 
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Figure S13. Scc4 homology model with Scc1 interface and overlapping resonances. Scc4 residues less 

than 5 Å from the homology model-predicted Scc1 interface are shown in blue. Scc4 residues with 
1H,15N-HSQC peaks that overlap peaks from the 1H,15N-HSQC spectrum of 15N-Scc4:His6-Scc1 are 

shown in purple.   
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